INTRODUCTION
============

People with disabilities are more susceptible to overweight or obesity compared to people without disabilities. According to the 2003--2008 US Centers for Disease Control and Prevention, the obesity rate among people with disabilities was 36%, much higher than the 23% in people without disabilities \[[@b1-arm-19124]\]. In Korea, the prevalence of obesity was 41.6% among disabled people who underwent the nationwide health examination conducted by the National Health Insurance Service in 2015, 7.5% higher than the national average obesity rate of 34.1% \[[@b2-arm-19124]\]. In particular, extreme obesity has become prominent amid continuously rising obesity in people with disabilities \[[@b2-arm-19124]-[@b5-arm-19124]\].

Obesity rates tend to increase among people suffering from mental health problems such as intellectual disabilities (ID) and autism \[[@b6-arm-19124],[@b7-arm-19124]\]. A high prevalence of obesity reportedly poses a barrier to health promotion because outdoor activities become physically uncomfortable to perform. Furthermore, physical limitations and a lack of expressive skills may dampen their desire, although their intention to increase physical activity remains unchanged \[[@b8-arm-19124]\]. Imprudent eating habits are also cited as one of the major causes of obesity in people with ID \[[@b9-arm-19124]\].

The negative health effects of overweight or obesity are well established. A high body fat percentage causes various health problems such as joint burden while walking, in addition to an increased risk of coronary artery disease and type 2 diabetes \[[@b10-arm-19124]\]. Overweight or obesity may also cause mental health problems by negatively affecting confidence and self-efficacy and by triggering negative body image, stress, and depression \[[@b11-arm-19124]\].

Various solutions, including physical activity and nutrition, have been suggested to tackle obesity and improve health \[[@b7-arm-19124],[@b8-arm-19124]\]. Physical activity is a composite term referring to all bodily movements needed to promote physical, cognitive, and emotional development using motor skills learned through maturation, growth, and experiences and to improve fundamental motor, perceptualmotor, and expressive skills. It is also defined as "bodily movement produced by skeletal a muscle that requires energy expenditure". The high rates of obesity in disabled people can reportedly be curbed through participation in physical activities \[[@b12-arm-19124]\].

Although the benefits of increased physical activity are well known in terms of health maintenance and obesity prevention, participation among disabled people remains low \[[@b13-arm-19124]\]. Nutritional management is also key to the treatment of obesity. In general, reducing caloric intake can lead to weight change. However, dietary control needs to be combined with exercise for obese older adults given their low metabolic rate and reduced mobility. A lack of nutrition or exercise can make weight management on a continuous basis difficult \[[@b14-arm-19124]\].

To date, studies on the health management of disabled people have focused on physical activity \[[@b15-arm-19124]\], exercise programs \[[@b16-arm-19124]\], nutrition health promotion interventions \[[@b17-arm-19124]\], psychological therapies \[[@b18-arm-19124],[@b19-arm-19124]\], parental stress and quality of life \[[@b20-arm-19124]\], and behavior modification \[[@b21-arm-19124]\]. However, to our knowledge, investigations into the effects of multicomponent intervention programs (MIP) have been lacking \[[@b13-arm-19124]-[@b21-arm-19124]\]. The present study, therefore, aimed to assess the effects of participation in a 10-week MIP developed for people with ID that encompassed physical activity, obesity management, and behavior modification.

MATERIALS AND METHODS
=====================

Design
------

The present two-group pretest-posttest trial was followed by blinded analysis. This study was approved by the National Rehabilitation Institute Clinical Research Review Committee (No. NRC-2015-03-019).

Participants
------------

The 50 people with ID who participated in this study were recruited through advertisements on welfare centers for the people with disabilities and the websites of ID communities. The inclusion criteria were as follows: aged 13 years or older, the Ministry of Health & Welfare registered as people with ID as of January 1, 2015, and who understood the study objectives and agreed to participate. The exclusion criteria included serious conditions such as cardiovascular disease or orthopedic disorder affecting the ability to walk/exercise and participation in other health-related programs over the last 6 months. ID was graded from 1 to 3 according to the criteria of the Ministry of Health and Welfare. Level I was defined as those with an intelligence quotient (IQ) of less than 35 who required protection during their lifetime due to difficulty in adjusting their daily and social life. Level 2 was defined as people with an IQ of 35 and above but less than 50 who could be trained to perform simple behaviors in everyday life and, with some supervision and assistance, could have a job that was not complicated and did not require special skills. Level 3 ID was defined as people with an IQ of 50 or above and 70 or below who were capable of social and professional rehabilitation through education. Participants with ID levels 1 and 2 were accompanied by a caregiver when participating in the program. After briefing the parents of the participants and people with ID on the experimental plans and procedures, we collected informed consent from those who understood the study objectives and voluntarily agreed to participate in the study. All parents or legal guardians provided written informed consent before participation. The first author performed a sample size calculation (G\*Power 3.1, <http://www.gpower.hhu.de/>). After setting alpha=0.05 and beta=0.95, the effect sizes were calculated. The results indicated that 50 subjects were required. People who participated in less than 90% of the MIP and those who were unable to perform follow-up tests were also excluded from the final analyses.

Study procedure
---------------

Of 50 potentially suitable participants, three were excluded as they failed to meet the inclusion criteria. The remaining 47 participants were randomly divided into the experimental (n=37) or control (n=10) groups in a 3:1 ratio \[[@b22-arm-19124]\]. Randomization was performed using Random Sequence Generator (<https://www.random.org/sequences/>). After completing a baseline assessment, the experimental group underwent the MIP developed for this study, while the control group received no intervention. The control group received usual care and routine daily activities. The intervention program was performed at the welfare center at an intermediate point, based on its convenience and accessibility to the participants. During the 10-week intervention, four participants from the experimental group dropped out of the study. No participants from the control group dropped out of the study. Thus, the post-intervention assessment included 33 participants in the experimental group and 10 participants in the control group. The experiments were followed by blinded statistical analysis.

Multi-intervention program
--------------------------

This intervention program, focused on promoting physical, mental, and psychological health, was based on a study by Heller and Sorensen \[[@b23-arm-19124]\] that addressed health promotion in adults with ID through collaboration with related experts such as rehabilitation physicians, psychiatrists, clinical nutritionists, and physical trainers in special schools. The MIP was an intervention program that includes exercise, nutrition education, and behavior modification. The exercise component is a combination exercise program that combines five elements: stretch exercise, running or walking, aerobic exercise, strength exercise, and recreation. The nutrition education component was conducted on an hourly basis through preresearch and diet diary. The behavior correction program aimed to promote healthcare through phone and SMS as part of e-healthcare. The MIP comprised a total of 10 hours, conducted as 1-hour weekly sessions for 10 weeks and comprised 8 exercises and 2 nutritional sessions. This program was further revised and refined to be more applicable to the Korean context. The design of the MIP was geared toward increasing physical activity levels with the ultimate goal of improving self-management skills and quality of life. The components of the program are presented in [Table 1](#t1-arm-19124){ref-type="table"}.

Outcome measures
----------------

The testers performed anthropometric tests, body composition tests, blood pressure analysis, and blood tests and measured pulmonary function, physical function, and health-related quality of life (HRQOL). The outcome assessment was conducted by nurses and therapists from other institutions.

The anthropometric test included height, weight, and waist-hip ratio. Participants' height and weight were measured using a height gauge (DS-102; DS Jenix Co. Lrd., Seoul, Korea). The measured values were used to calculate the body mass index (BMI). To determine the waist-hip ratio, waist and hip circumference measurements were taken \[[@b24-arm-19124]\] in a standing position with both arms stretched horizontally. The former was measured at the midpoint between the lowest rib and iliac crest using a measuring tape, and the latter was measured horizontally using the measuring tape at the most protruding point of the buttock.

Body composition was measured using a body composition analysis system (InBody S10; InBody Co. Ltd., Seoul, Korea). For accurate measurements, the participants were asked to fast for 2 hours before measurement. First, the participants were asked whether they were using a pacemaker and those without a pacemaker underwent measurement using electrodes placed on both hands (between thumb and middle finger) and feet (between the lateral malleolus and Achilles tendon) in a standing position with feet shoulder-width apart and both arms slightly raised away from the body. Body fat mass, body fat percentage, soft lean mass, and fat-free mass were measured \[[@b25-arm-19124]\].

Blood pressure measurements and blood tests were performed. To measure blood pressure in a relaxed state, the participants were instructed to take an approximately 10-minute rest in a sitting position. An automatic monitor (CH-452; Citizen Systems Japan Co. Ltd., Tokyo, Japan) was positioned at the level of the heart and a cuff was placed on the right upper arm. The blood test measured total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol levels among cholesterol components following fasting for at least 8 hours using a testing device (COBAS 8000 c702; Roche Diagnostics, Mannheim, Germany) \[[@b26-arm-19124]\].

Pulmonary function was measured using a spirometer (FVC Kit; Clement-Clarke International Ltd., Harlow, England) \[[@b27-arm-19124]\]. For the measurement, the participants placed their lips tightly around a mouthpiece, held the spirometer with both hands to ensure its stability, and inhaled maximally at the tester's indication. Air was then exhaled in a single breath from the lungs. When there was no more volume of air exhaled over time or a plateau in exhaled volume was reached, a forced exhalation was made for at least 10 seconds and the measurement was completed according to the tester's instructions. Forced vital capacity and forced expiratory volume at one second were measured.

Physical functional capacity was measured in different ways. The 6-minute walk test was used to assess cardiopulmonary function by measuring heart rates after walking as fast as possible for 6 minutes \[[@b28-arm-19124]\]. Grip strength in both hands was measured in a sitting position with the arms raised to form a right angle at the elbow. Sex and age were entered into a dynamometer and the amount of force with which the dynamometer could be squeezed was measured in kilograms \[[@b29-arm-19124]\]. In the sit-to-stand test, the participants started from sitting in a chair without armrests with each hand placed on the opposite shoulder, rose to a full stand, and then sat back down again. The number of repetitions completed in 30 seconds was counted \[[@b30-arm-19124]\].

HRQOL was measured using the EuroQol-5D (EQ-5D), consisting of five domains: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with each scored on a 3-point scale. The EQ-5D assesses HRQOL in a questionnaire survey or face-to-face interview. The results are presented as EQ-5D index scores calculated using a formula, in which a score of 1 indicates the highest HRQOL \[[@b31-arm-19124]\].

Statistical analysis
--------------------

The collected data were analyzed using IBM SPSS 21.0 (IBM Corp., Armonk, NY, USA). Shapiro--Wilk tests were performed to confirm that the data were normally distributed. Comparisons of general characteristics and dependent variables between the two groups were analyzed by chi-square and independent t-tests. Paired t-tests were conducted to compare pre- and post-intervention effects. The independent variables were the groups and the covariate were sex, age, degree of disability, comorbidity, and baseline values using analysis of covariance (ANCOVA). The significance level was set to 0.05.

RESULTS
=======

General characteristics
-----------------------

No participants reported an adverse event during the 10-week intervention. The general characteristics of the participants are presented in [Table 2](#t2-arm-19124){ref-type="table"}. No significant differences were observed in general characteristics between the experimental and control groups (p\>0.05) except for age, which was significantly lower in the control group (p\<0.05). The comparisons of between-group dependent variables showed significant differences for body fat percentage, pulmonary function (forced vital capacity \[FVC\], forced expiratory volume in 1 second \[FEV1\]), and sit-to-stand test (p\<0.05); the other variables showed no significant differences (p\>0.05).

Changes in anthropometric, body composition, blood pressure, blood test findings, and pulmonary function before and after the intervention
------------------------------------------------------------------------------------------------------------------------------------------

[Table 3](#t3-arm-19124){ref-type="table"} demonstrates the changes in anthropometric and blood tests, body composition and blood pressure analysis, and pulmonary function measurements before and after the 10-week MIP. In the anthropometric measurements of the experimental group, the BMI increased significantly from 25.37±5.03 to 25.81±5.07 kg/m^2^ (p\<0.05). Fatfree mass also increased from 48.27±9.56 to 49.10±10.12 kg (p\<0.05), while body fat percentage reduced from 28.05%±11.22% to 27.90%±11.8% (p\<0.05). Blood pressure did not change significantly in the experimental group. However, the systolic blood pressure rose from 90±11.30 to 121.95±7.44 mmHg in the control group (p\<0.05). While the experimental group showed no significant changes in blood test findings, the control group had significantly lower total and HDL cholesterol levels, showing decreases from 190.60±35.52 to 172.60±35.53 mg/dL (p\<0.05) and from 50.20±19.20 to 46.60±19.23 mg/dL, respectively (p\<0.05).

Changes in physical function and quality of life before and after the intervention
----------------------------------------------------------------------------------

Changes in physical function and HRQOL are presented in [Table 4](#t4-arm-19124){ref-type="table"}. No differences were observed between the groups with respect to the six-minute walk test (p\>0.05). In the experimental group, the grip strength of both hands increased significantly, from 20.40±7.57 to 22.40±8.54 kg in the right hand and from 20.63±6.83 to 23.92±3.28 kg in the left hand (p\<0.05). No significant difference was observed in the control group (p\>0.05). In the sit-to-stand test, significant increases were observed in both groups (p\<0.05). However, no significant changes were observed in either group in relation to health outcomes measured by the EQ-5D (p\>0.05).

Mean differences between dependent variables of two groups after the intervention
---------------------------------------------------------------------------------

The between-group differences were analyzed using ANCOVA, as shown in [Table 5](#t5-arm-19124){ref-type="table"}. HDL cholesterol increased more significantly in the experimental thanthat in the control group (effect size=0.152, p=0.019). However, the other variables showed no significant differences between groups (p\>0.05).

DISCUSSION
==========

The current study compared outcomes in participants with ID before and after the intervention to assess the effects of a 10-week MIP and used ANCOVA to identify specific variables showing significant differences between the two groups.

A paired t-test within the groups revealed that body fat percentage was the only significantly changed variable after the intervention in the experimental group. This result is partially consistent with those of previous studies reporting that physical activity results in fat mass changes \[[@b32-arm-19124],[@b33-arm-19124]\] and provides evidence that participation in an MIP can improve the body composition of people with ID.

However, we observed no differences in body fat mass and soft lean mass. According to an earlier study \[[@b34-arm-19124]\], health promotion programs, when implemented during a short time, may not be effective at significantly reducing body fat, including belly fat. Andreacci et al. \[[@b34-arm-19124]\] stressed the importance of the duration of physical activity participation as a variable contributing to improved body composition. In other words, a short duration of physical activity may have a limited influence on fat-related composition and the duration of physical activity needs to be adequate to elicita significant reduction in body fat as a whole.

In terms of changes in physical function, only the experimental group showed significantly increased grip strength, suggesting that the MIP had positive effects on upper extremity function. Both groups demonstrated significantly improved performance in the sit-to-stand test. No change in HRQOL was observed in either group. However, a descriptive statistical analysis revealed an upward trend in the experimental group and a downward trend in the control group.

According to the pre-intervention assessment, the groups were not homogenous with regard to all dependent variables. Therefore, an ANCOVA was performed with confounding variables of sex, age, degree of disability, and comorbidity after adjusting for baseline values to identify dependent variables showing significant differences between the groups. The test revealed significant differences in BMI and HDL cholesterol between the two groups. Specifically, the BMI rose more significantly in the experimental group. This result can be seen as the compound effects of increased muscle mass and decreased fat-free mass in the experimental group.

In addition, the experimental group showed a 12.999 point (95% confidence interval, 2.305 to 23.693) greater increase in HDL cholesterol than that in the control group. In descriptive statistical analysis, HDL cholesterol showed an upward trend in the experimental group and a downward trend in the control group. According to a previous study, higher HDL cholesterol leads to lower LDL cholesterol \[[@b35-arm-19124]\]. In other words, the MIP was effective in reducing LDL cholesterol because it focused on exercise, obesity management, and behavior modification. The lack of a significant difference in LDL cholesterol was observed between the two groups in the current study may be attributable to the rather short intervention period.

Physical health is essential for promoting the social participation of people with disabilities. As discussed above, a MIP can be an important strategy for the management of adult diseases. Future studies should continue to develop new MIPs optimized for adults with ID by combining various components. Given the low self-control in people with ID, MIPs must include nutrition intervention in addition to regular exercise training \[[@b17-arm-19124]\]. By providing people with ID with more opportunities to participate in physical activities, MIPs can help them to improve their social interaction skills. In consideration of the tendencies of people with ID, which include low intellectual functioning, fluctuating mood, and fear of challenges \[[@b21-arm-19124]\], physical activity that can provoke their interest will be a crucial element in the development of MIPs targeted at this population.

The current study had the following limitations. First, the small sample size prevents the findings from being generalized. Second, the two groups were not homogenous in the pre-intervention assessment. To resolve this issue, an ANCOVA was performed to compare variables in the two groups. Third, we did not determine the duration of the effectiveness of the MIP used in this study. Further upscaling ofthe design is needed for future studies.
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###### 

Components of the multi-intervention program

  Item                                                                                                                                             Components                                                                                                                                     Description
  ------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------
  Physical activity                                                                                                                                Warming up                                                                                                                                     Light gymnastics
                                                                                                                                                   \- Exercise to mobilize each area of the body                                                                                                  
                                                                                                                                                   \- Activity is induced through physical contact                                                                                                
  Individual exercise                                                                                                                              Walking (muscular endurance exercise as part of aerobic exercise)                                                                              
                                                                                                                                                   \- Walking (forward, backward, side-to-side, and toe walking)                                                                                  
                                                                                                                                                   Muscle strength exercise (muscle strength exercise as part of anaerobic exercise)                                                              
                                                                                                                                                                                                                                                                                                  \- Rope skipping
                                                                                                                                                                                                                                                                                                  \- Basketball dribbling
                                                                                                                                                                                                                                                                                                  \- Football dribbling
                                                                                                                                                                                                                                                                                                  \- Barrier running, running with a gym ball
                                                                                                                                                                                                                                                                                                  \- Relay running
                                                                                                                                                                                                                                                                                                  \- Round running
                                                                                                                                                   Aerobic exercises (muscular endurance exercise as part of aerobic exercise)                                                                    
                                                                                                                                                                                                                                                                                                  \- Exercise with elastic bands
  Group exercises                                                                                                                                  Games for small groups                                                                                                                         
                                                                                                                                                   \- Recreational games designed for small groups of participants                                                                                
  Cool-down                                                                                                                                        Light stretching                                                                                                                               
                                                                                                                                                   \- Gymnastics exercise                                                                                                                         
  Nutrition intervention                                                                                                                           1st session                                                                                                                                    \- Purpose and necessity of nutrition intervention (nutrition management for health by selecting healthier foods)
  \- Choosing a well-balanced diet (understanding the composition of foods and becoming aware of the problems resulting from an unbalanced diet)                                                                                                                                                  
  \- Understanding the effects of an unbalanced diet (obesity and its implications as a disease)                                                                                                                                                                                                  
  \- Healthy habits (regular life patterns, exercise, and healthy diet)                                                                                                                                                                                                                           
  2nd session                                                                                                                                      \- Nutritional information of foods associated with obesity (recommended amounts of sodium, sugar, and fat and setting measurement criteria)   
  \- Instructions regarding nutritional facts on packaged foods (how to read and understand them)                                                                                                                                                                                                 
  \- Information on changes in nutrition depending on cooking methods (understanding sodium, sugar, and fat contents in packaged foods)                                                                                                                                                           
  \- Instructions for meals (reducing sodium, sugar, and fat intake and emphasizing correct health information)                                                                                                                                                                                   
  Behavioral intervention training                                                                                                                 Telephone                                                                                                                                      \- Greetings
  \- Identifying health status and providing the necessary consultation                                                                                                                                                                                                                           
  \- Checking the implementation of the programs assigned for each week                                                                                                                                                                                                                           
  \- Adjusting individual daily schedules                                                                                                                                                                                                                                                         
  \- Identifying queries or complaints regarding the program                                                                                                                                                                                                                                      
  \- Releasing program schedules and announcements                                                                                                                                                                                                                                                
  \- Encouraging continuous participation in the program                                                                                                                                                                                                                                          
  SMS                                                                                                                                              \- Greetings                                                                                                                                   
  \- Releasing program timeline, clothing for exercise, and other announcements                                                                                                                                                                                                                   
  \- Encouraging continuous participation in the program                                                                                                                                                                                                                                          

###### 

General characteristics in participants

  Characteristic            Experimental group (n=33)   Control group (n=10)   p-value
  ------------------------- --------------------------- ---------------------- ---------------------------------------------------
  Age (yr)                  26.52±5.32                  22.60±1.78             0.029^[\*](#tfn1-arm-19124){ref-type="table-fn"}^
  Gender                                                                       0.131
   Male                     22 (66.7)                   4 (40.0)               
   Female                   11 (33.3)                   6 (60.0)               
  Degree of disability                                                         0.968
   Grade 1                  6 (18.8)                    2 (20.0)               
   Grade 2                  15 (46.9)                   5 (50.0)               
   Grade 3                  11 (34.4)                   3 (30.0)               
  Presence of comorbidity                                                      0.277
   Have                     11 (33.3)                   5 (50.0)               
   None                     22 (66.7)                   5 (50.0)               

Values are presented as mean±standard deviation or number (%).

p\<0.05.

###### 

Changes of anthropometric, body composition, blood pressure and blood test, and pulmonary function before and after intervention

                               Experimental group (n=33)   Control group (n=10)                                                      
  ---------------------------- --------------------------- --------------------------------------------------------- --------------- ----------------------------------------------------------
  Anthropometric test                                                                                                                
   BMI (kg/m^2^)               25.37±5.03                  25.81±5.07^[\*](#tfn2-arm-19124){ref-type="table-fn"}^    27.28±5.94      27.59±5.53
   Waist-hip ratio             0.88±0.07                   0.88±0.07                                                 0.88±0.10       0.90±0.09
  Body composition analysis                                                                                                          
   Body fat mass (kg)          19.83±10.27                 19.96±10.49                                               26.53±11.80     26.05±11.21
   Percent body fat (%)        28.05±11.22                 27.90±11.82^[\*](#tfn2-arm-19124){ref-type="table-fn"}^   36.71±11.79     36.12±11.81
   Soft lean mass (kg)         45.45±9.04                  46.15±9.52                                                40.39±8.56      41.17±9.10
   Fat free mass (kg)          48.27±9.56                  49.10±10.12^[\*](#tfn2-arm-19124){ref-type="table-fn"}^   42.89±9.02      44.10±10.17
  Blood pressure                                                                                                                     
   SBP (mmHg)                  122.47±16.06                123.69±14.67                                              115.90±11.30    121.95±7.44^[\*](#tfn2-arm-19124){ref-type="table-fn"}^
   DBP (mmHg)                  78.16±10.44                 78.37±11.10                                               75.95±11.33     76.00±8.01
   Pulse (beats/min)           75.40±8.86                  78.57±13.31                                               76.65±11.94     78.30±14.36
  Blood test                                                                                                                         
   Total cholesterol (mg/dL)   185.85±32.70                186.36±38.13                                              190.60±35.52    172.60±35.53^[\*](#tfn2-arm-19124){ref-type="table-fn"}^
   Triglyceride (mg/dL)        121.48±65.27                104.52±69.67                                              190.40±105.85   158.50±108.09
   HDL (mg/dL)                 57.21±15.36                 57.61±15.00                                               50.20±19.20     46.60±19.23^[\*](#tfn2-arm-19124){ref-type="table-fn"}^
   LDL (mg/dL)                 110.03±32.56                110.45±34.51                                              111.80±30.54    104.70±31.84
  Pulmonary function                                                                                                                 
   FVC (L)                     2.64±1.19                   2.29±0.93                                                 1.80±0.63       1.56±0.79
   FEV1 (L)                    2.36±0.99                   2.00±0.82                                                 1.40±0.70       1.40±0.85

Values are presented as mean±standard deviation.

BMI, body mass index; SBP, systolic blood pressure; DSP, diastolic blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.

p\<0.05.

###### 

Changes of physical function and quality of life before and after intervention

                          Experimental group (n=33)   Control group (n=10)                                                    
  ----------------------- --------------------------- -------------------------------------------------------- -------------- --------------------------------------------------------
  Physical function                                                                                                           
   6MWT (number/min)      105.06±21.01                100.25±19.34                                             110.70±24.26   101.30±9.34
   Right hand grip (kg)   20.40±7.57                  22.40±8.54^[\*](#tfn3-arm-19124){ref-type="table-fn"}^   21.61±11.83    21.70±11.34
   Left hand grip (kg)    20.63±6.83                  23.92±3.28^[\*](#tfn3-arm-19124){ref-type="table-fn"}^   21.60±11.50    21.63±11.21
   STST                   13.52±2.30                  16.24±4.80^[\*](#tfn3-arm-19124){ref-type="table-fn"}^   11.30±1.82     13.80±4.23^[\*](#tfn3-arm-19124){ref-type="table-fn"}^
  HRQOL                                                                                                                       
   EQ-5D index            0.89±0.09                   0.91±0.04                                                0.92±0.03      0.89±0.06

Values are presented as mean±standard deviation.

6MWT, 6-minute walk test; HRQOL, health-related quality of life; STST, sit-to-stand test.

p\<0.05.

###### 

Mean difference between the dependent variables of two groups after intervention

                               Mean difference between groups^[a)](#tfn4-arm-19124){ref-type="table-fn"}^ (95% CI)   p-value                                             Effect size
  ---------------------------- ------------------------------------------------------------------------------------- --------------------------------------------------- -------------
  Anthropometric test                                                                                                                                                    
   BMI (kg/m^2^)               1.412 (0.216 to 2.608)                                                                0.022^[\*](#tfn5-arm-19124){ref-type="table-fn"}^   0.145
   Waist-hip ratio             -0.029 (-0.078 to 0.019)                                                              0.228                                               0.041
  Body composition analysis                                                                                                                                              
   Body fat mass (kg)          0.317 (-2.015 to 2.650)                                                               0.784                                               0.002
   Percent body fat (%)        0.049 (-3.162 to 3.261)                                                               0.975                                               \<0.001
   Soft lean mass (kg)         0.283 (-1.744 to 2.310)                                                               0.779                                               0.002
   Fat free mass (kg)          0.053 (-2.467 to 2.573)                                                               0.996                                               \<0.001
  Blood pressure                                                                                                                                                         
   SBP (mmHg)                  -4.374 (-10.374 to 1.625)                                                             0.148                                               0.059
   DBP (mmHg)                  -1.160 (-7.836 to 5.516)                                                              0.726                                               0.004
   Pulse (beats/min)           5.753 (-3.927 to 15.433)                                                              0.236                                               0.040
  Blood test                                                                                                                                                             
   Total cholesterol (mg/dL)   24.901 (-11.967 to 61.769)                                                            0.179                                               0.053
   Triglyceride (mg/dL)        -26.175 (-73.146 to 20.796)                                                           0.266                                               0.035
   HDL (mg/dL)                 12.999 (2.305 to 23.693)                                                              0.019^[\*](#tfn5-arm-19124){ref-type="table-fn"}^   0.152
   LDL (mg/dL)                 18.588 (-13.266 to 50.422)                                                            0.244                                               0.040
  Pulmonary function                                                                                                                                                     
   FVC (L)                     0.978 (-0.245 to 2.202)                                                               0.113                                               0.072
   FEV1 (L)                    0.275 (-0.824 to -1.374)                                                              0.614                                               0.008
  Physical function                                                                                                                                                      
   6MWT (number/min)           16.122 (-12.061 to 44.305)                                                            0.253                                               0.039
   Right hand grip (kg)        7.204 (-2.513 to 16.920)                                                              0.141                                               0.063
   Left hand grip (kg)         -4.875 (-11.630 to 1.879)                                                             0.152                                               0.060
   STST                        3.813 (-2.750 to 10.376)                                                              0.246                                               0.039
  HRQOL                                                                                                                                                                  
   EQ-5D index                 0.505 (-1.048 to 2.059)                                                               0.513                                               0.013

BMI, body mass index; SBP, systolic blood pressure; DSP, diastolic blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; 6MWT, 6-minute walk test; STST, sit-to-stand test; HRQOL, health-related quality of life; CI, confidence interval.

Adjusted mean difference using ANCOVA. Positive values indicate an increase in the experimental group compared to control group.

p\<0.05.
